Kigane (1) and Heidenhain (2) showed that extracts of fresh panereas or freshly secreted pancreatic juice have no proteolytic activity. The preparations become active when mixed with the enterokinase of the small intestine, as found by Schepowalnikow (3) or when the pancreas is allowed to stand in slightly acid solution. The mechanism of this activation has been the subject of controversy for many years (4). Pavlov, Bayliss, Zunz, Wohlgemuth, Vernon, Delezenne, and others found the activation reaction to be catalytic and considered enterokinase to be an enzyme. Hamburger and Hekma, Dastre and Stassano and Waldschmldt-Leitz found the reaction to be stoichiometric and considered that the enterokinase formed an addition compound with the inactive zymogen. Vernon (5) found that activation could be caused by trypsin as well as by enterokinase but this was denied by Bayliss and Starling (6). The contradictory nature of the numerous experimental results indicates that there is more than one proteolytic enoune in pancreatic extracts. Vernon showed (7) that the activity, as determined by the clotting of milk, could be partially separated from the proteolytic activity, as determined by protein hydrolysis, and concluded that there were at least two enzymes. He also showed that one of these was more stable than the other and that activation was caused by the less stable one.
In the course of these attempts to isolate the inactive precursor of crystalline trypsin a crystalline inactive protein was isolated from inactive (cattle) pancreatic extracts. This protein was called chymotrypsinogen. It cannot be activated by enterokinase but is changed into an active proteolytic enzyme by crystalline trypsin. The new proteolytic enzyme formed in this way was also crystallized and was called chymo-trypsin. It differs from chymo-trypsinogen in crystalline form, optical activity, and number of amino groups, and it is more soluble and less stable. The molecular weight and molecular radius are about the same as the corresponding values for chymo-trypsinogen.
The new enzyme differs from the crystalline trypsin previously described in that it clots milk but does not clot blood and has a weaker action on protamines. It resembles crystalline trypsin in that it digests denatured proteins in slightly alkaline solution. 1 The results agree, in general, with Vernon's experiments since they show that there are at least two proteolytic enzymes present in activated pancreatic extract, trypsin and chymo-trypsin. Fresh, inactive pancreatic extracts contain at least two zymogens, chymotrypsinogen and trypsinogen. Enterokinase transforms trypsinogen into trypsin and this in turn transforms chymo-trypsinogen into chymo-trypsin.
Qualitatively this mechanism accounts for the peculiarly shaped curves frequently observed for the activation of crude pancreatic extract by enterokinase (5) . The activation of chymo-trypsinogen by trypsin is a simple catalytic monomolecular reaction but when this is superimposed upon the primary activation of trypsinogen by enterokinase the combined result yields a complicated asymmetrical curve. The transformation of chymo-trypsinogen into chymo-trypsin is accompanied by a change in optical activity and a slight increase in amino nitrogen. There is no detectable non-protein nitrogen fraction formed nor is there any significant change in molecular weight. The reaction, therefore, is probably an internal rearrangement, possibly due to the splitting of a ring. It is possible, however, that a small part of the molecule containing no nitrogen is split off although there is no evidence for this at present.
i Waldschrnidt-Leitz and Akabori (Z. physiol. Chem., 1934, 228, 224) have recently shown that pancreatic "proteinase" probably represents a mixture of trypsin and chymo-trypsin.
Both the active and inactive form of the enzyme may be recrystallized repeatedly without change of properties. Denaturation or hydrolysis of the protein results in a corresponding loss in activity. There is reason, therefore, to believe that the preparations represent pure proteins and that the proteolytic activity is a property of the protein molecule.
v.XPV.P~ENTAL m~SULTS

Isolation and Crystallization of Chymo-Trypsinogen
The material used in these experiments was cattle pancreas removed from the animal immediately after slaughter and immersed in cold N/4 sulfuric acid. Acid prevents spontaneous activation and removes practically all the potentially active material from the pancreas while most of the inert protein is precipitated. The acid extract obtained in this way (when brought to pH 7.0-8.0) is rapidly activated by enterokinase but cannot be activated by small amounts of trypsin. A protein was crystallized from this extract which could be activated either by enterokinase or trypsin; it was called chymo-trypsinogen. After repeated crystallization, however, the protein could not be activated by enterokinase but only by trypsin. The explanation of these apparently contradictory results is that the crude extract and the once crystallized protein contain trypsinogen and also some substance which inactivates small amounts of trypsin. When small amounts of trypsin are added to such preparations, therefore, no activation of chymo-trypsinogen occurs since the trypsin added is inactivated, but when enterokinase is added sufficient active trypsin is formed from the trypsinogen to overcome the inhibiting action of the solution and so activate the chymo-trypsinogen. The same result can be obtained by adding enough trypsin even in the presence of the inhibitor. The effect of repeated crystallization is simply to remove the last traces of these impurities, and the experiment is a good example of the efficiency of recrystallization as a method of purification.
The mechanism outlined above was confirmed by mixing pure crystalline chymo-trypsinogen with the mother liquor from the first crystallization and adding trypsin or enterokinase. The results of such an experiment are shown in Table I . As stated above, the recrystallized chymo-trypsinogen is activated only by trypsin while the mother liquor from the first crystallization, or the chymo-trypsinogen when 
I
mixed with the mother liquor, cannot be activated by small amounts of trypsin but can be activated by enterokinase. The inhibiting ef- Downloaded from the digestion of hemoglobin by crystalline trypsin but not the digestion of hemoglobin by chymo-trypsin.
Isolation of C hymo-Trypsinogen
The method finally adopted for the preparation of chymo-trypsinogen is as follows.
The pancreas is removed from cattle immediately after slaughter and immersed in cold ~ normal sulfuric acid. Fat and connective tissue are removed and the pancreas minced in a meat grinder, suspended in 2 volumes of ice cold N/4 sulfuric acid, and the suspension allowed to stand in the cold room at 5°C. overnight. It is then strained through gauze on a large Biichner funnel and the precipitate resuspended in an equal volume of N/4 sulfuric acid and refiltered. The combined filtrates and washings are brought to 0.4 saturated ammordum sulfate by the addition of solid ammonium sulfate and the suspension filtered through soft fluted paper (S. and S. No. 1450 ½) in the cold room. The filtrate is brought to 0.7 saturated ammonium sulfate and the suspension allowed to settle in the cold room for 48 hours. The supernatant fluid is decanted and the suspension filtered with suction. The filter cake is dissolved in 3 volumes of water ~ and 2 volumes saturated ~mmonium sulfate added. The suspension is filtered and the precipitate discarded. The filtrate is brought to 0.7 saturated ammonium sulfate by the addition of solid ammonium sulfate or an equal volume of saturated ammonium sulfate. The suspension is filtered with suction. The filter cake is dissolved in 1.5 volumes water and brought to ¼ saturated ammonium sulfate by the addition of saturated ammonium sulfate solution. The solution is adjusted to pH 5.0 (brick red color with methyl red on test plate) by the addition of 5 ~ sodium hydroxide. About 1.5 ml. per 100 ml. of solution is required. The solution is allowed to stand for 2 days at room temperature (about 20°C.). A heavy crop of crystals gradually forms. They are filtered with suction. The isolation of the chymota-3rpsinogen is practically complete in one cryst_alllzation.
2The volume of the semi-dry filter cake is usually determined by weight. The specific volume of the filter cake is assumed, for convenience, to he equal to one. The expression "the filter cake is dissolved in n volumes of solvent" as used in the text, means that 1 gln. of filter cake is dissolved in n nil. of solvent.
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Recrystallization
The crystalline filter cake is suspended in 3 volumes of water and 5 N sulfuric acid added from a burette with stirring until the precipitate is dissolved. The solution is brought to [ saturated ammonium sulfate by the addition of 1 volume of saturated ammonium sulfate. An equivalent amount of 5 N sodium hydroxide is then added with stirring and the solution inoculated and allowed to stand at 20°C. Crystallization should be practically complete in an hour.
If the crystals are to be used for the preparation of active chymotrypsin the crystallization should be repeated seven or eight times as otherwise difficulty is encountered in crystallizing the active enzyme. The above outline describes the preparation from fresh inactive pancreas. The preparations vary somewhat and occasionally the first crystals retain a brown coloring matter. This coloring matter may be removed by the addition of 2 volumes of saturated ammonium sulfate to the acid solution of the crystals. An amorphous precipitate is formed which' carries down with it the coloring matter and which may be removed by filtration. Most of the enzyme may be recovered from the precipitate by washing the precipitate on the filter paper with N/100 sulfuric acid.
The material may be isolated from frozen fresh inactive pancreas although this procedure is more troublesome. The gland must be frozen rapidly and immediately after removal. Ordinary commercial frozen pancreas is active and cannot be used. Crystals prepared from frozen paJacreas frequently contain small amounts of foreign inert protein. This may be removed as follows: The crystals are dissolved in 3 volumes of water and sulfuric acid added, as described for recrystallization, and the solution neutralized by the addition of an equivalent The preparation is conveniently carried out with about 10 fresh cattle pancreas. About 15 gin. of once crystallized filter cake is usually obtained from 10 pancreas.
The properties of the crystalline chymo-trypsinogen are constant through at least ten fractional recrystallizations as shown in Table III . The crystals of chymo-trypsinogen are shown in Fig. 1 .
Activation of Chymo-Trypsinogen
Chymo-trypsinogen after recrystallization has a variable and barely measurable activity equivalent to about 1/10,000 that of chymotrypsin. This activity is probably due to the presence of traces of chymo-trypsin since the relative activity on various proteins agrees with that of chymo-trypsin.
The chymo-trypsinogen could not be activated by enterokinase, calcium chloride, pepsin, inactivated trypsin, or by chymo-trypsin. It could be activated by all commercial trypsin preparations tried and also by all crude active pancreatic extracts.
Kinetics of Activation of Chymo-Trypsinogen by Crystalline Trypsin
Effect of pH.--The effect of the pH of the solution on the rate of the activation of chymo-trypsinogen is shown in Fig. 2 . The curve resembles that for the effect of pH on the digestion of casein by trypsin and indicates that the reaction is related to the usual hydrolytic action of trypsin. However, as will be discussed below, no evidence for any actual cleavage of the chymo-trypsinogen molecule could be found. pH Fio, 2. Effect of pH on rate of activation of chymo-trypsinogen (5°C.) by trypsin compared with the effect of pH on rate of digestion of casein by trypsin (8) and the effect of pH on reversible inactivation of trypsin (10) .
E~ect of the Concentration of Trypsin.--The
Activation mixture--5 ml. chymo-trypsinogen solution in N/400 hydrochloric acid (1 rag. protein nltrogen/ml.) plus 1 ml. trypsin solution (0.006 rag. protein nitrogen/mL) plus 4 ml. x¢/5 borate phosphate buffer of various pH. Left at 5°C. and activity determlued by hemoglobin at intervals. Rate of activation determined from these results.
of the concentration of chymo-trypsinogen. This result is shown in Table IV . The activation of chymo-trypsinogen by trypsin, therefore, is expressed by the equation calculated and is found to be 670 per hour per mole trypsin/liter or 360 per hour per mg. trypsin nitrogen/ml.
In the preceding experiments the activity was determined by the rate of digestion of hemoglobin. The active enzyme clots milk and digests sturln so that the rate of activation was followed also by the on June 20, 2017
Downloaded from rennet action and by sturin digestion. The per cent of activation, as determined by these three methods, is the same as shown in Table   TABLE IV Activation of Chymo-Trypsinogon by Trypsin at 5°C.
Effect of Concentration of Trypsin
Chymo-trypsinogen solution: 0.26 rag. protein nitrogen/ml, in 0.075 M phosphate buffer pI-I 7.6. 4 mL chymo-trypsinogen solution + 1 ml. crystalline trypsin solution in u/400 hydrochloric acid at 5°C. 1 hal. samples taken into 4 ml. K/70 hydrochloric acid. Activity determined by the hemoglobin method.
(Final activity -activity at time t) Logxo 100
Final activity plotted against time in hours in Fig. 3 .
Effect of Concentration of Chymo-Trypsinogen
Solutions, etc., as above. 0.002 nag. crystalline trypsin/ml, activation mixture. V. This result indicates that these various substrates are all attacked by the same enzyme.
on June 20, 2017
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Change in Non-Protein Nitrogen during Activation.--There is a slight increase in non-protein nitrogen during activation but the appearance of this non-proteln nitrogen does not parallel the increase in activity (Fig. 4) . It is probable, therefore, that the production of these non-protein compounds is a secondary reaction due to the gradual autolysis of the chymo-trypsin. The total amount of nonprotein nitrogen found amounts to less than 10 per cent of the total nitrogen. FIG. 4. Increase in non-protein nitrogen during activation of chymo-trypsinogen by trypsin. 10 ml. chymo-trypslnogen solution containing 9 mg. protein nitrogen/ml, plus I ml, M/l pH 7.6 phosphate buffer plus I m]. crystalline trypsin (0.0035 rag. protein nitrogen) 5°C. Samples I ml. plus 4 ml. N/40 hydrochloric acid. Analyzed for non-protein nitrogen and hemoglobin activity.
Spontaneous Activation
The activation experiments just described were all carried out in the presence of trypsin. There is, however, a very slow spontaneous activation. Less than 1 per cent of the chymo-trypsinogen is activated in a month at 5°C. There is no marked pH optimum but the reaction appears to go faster in weakly acid or alkaline solutions. It is probable, therefore, that it is an independent reaction and is not caused by minute amounts of trypsin. 
Isolation and Crystallization of Chymo-Trypsin
The final method adopted for the preparation of chymo-trypsin from chymo-trypsinogen is as follows.
The chymo-trypsinogen should be recrystallized eight times. 10 gm. of crystalline chymo-trypsinogen filter cake is suspended in 30 ml. water and dissolved by the addition of a few drops of 5 H sulfuric acid. 10 ml. M/2 pH 7.6 phosphate buffer is added and a quantity of molar sodium hydroxide equivalent to the acid is also added. About 0.5 rag. crystalline trypsin is added and the solution left at about 5°C. for 48 hours. Any active trypsin prepalation (of equivalent activity) may be used instead of the crystalline trypsin. After 48 hours the solution is brought to pH 4.0 by the addition of about 5 ml. H/1 sulfuric acid, 25 gm. solid ammonium sulfate is added, and the precipitate filtered with suction.
Crystallization
The filter cake is dissolved in 0.75 volumes H/100 sulfuric acid and filtered if the solution is not clear. The clear filtrate is inoculated and allowed to stand at 20°C. for 24 hours. About 5 gm. of crystalline filter cake should form.
Recrystallization
The crystalline filter cake is dissolved in 1.5 volumes N/100 sulfuric acid; 1 volume of saturated ammonium sulfate is then added cautiously until crystallization commences. The solution is allowed to stand at room temperature and practically complete crystallization should take place.
A further crop of crystals may be obtained by precipitating the mother liquors with saturated ammonium sulfate and treating the precipitate obtained in this way as described under crystallization.
The optical activity and specific enzymatic activity of the chymotrypsin remain constant through at least three fractional crystallizations as shown in Table VI . The chymo-trypsin crystals are shown in Fig. 5 .
Change in Activity with Decrease in Native Protein
When the chymo-trypsin protein is denatured in M/10 hydrochloric acid the decrease in activity is proportional to the decrease in native protein concentration, as shown in Table VII . The per cent loss in activity under these conditions is the same when measured either by digestion of hemoglobin or by rennet activity (Table VIII) . This indicates that the hemoglobin digestion and rennet action are due to on June 20, 2017
Downloaded from Downloaded from the same molecule and confirms the results of the activation experiment described in Table V . If the chymo-trypsin is heated to 100°C. in ~t/400 hydrochloric acid it is very rapidly and completely inactivated with the formation of denatured protein as shown by the fact that the protein is corn- pletely precipitated when the hot solution is poured into an equal volume of 2 ~t sodium chloride, and by the fact that the filtrate from the salt precipitate is completely inactive. However, if the heated solution is cooled and allowed to stand at 20°C. the solution recovers its original activity and the protein, like unheated chymo-trypsin is soluble in 5/1 sodium chloride. Thus, the denaturation and inaction June 20, 2017
Downloaded from vation of chymo-trypsin by heat is completely reversible as has already been shown to be true in the case of trypsin (9) . If the native protein is assumed to be merely a carrier for an hypothetical "active group"
it is necessary to assume that the active group becomes inactive when the protein is denatured and then becomes active again when the prorein reverts to the native condition. On longer heating this reversibly inactivated and denatured form gradually changes to an irreversibly inactivated and denatured form which does not become active and salt-soluble again on cooling and standing at 20°C. (Table IX) . If chymo-trypsin solutions are allowed to stand at pH 9.0 and 37°C. there is a loss in protein nitrogen paralleled by the loss in activity (Table X) . This reaction is probably analogous to the inactivation of trypsin in alkali (10) and is due to the formation and subsequent hydrolysis of denatured protein.
The connection between the protein and the activity may also be tested by pepsin digestion. The hydrolysis of the protein by pepsin is accompanied by a corresponding decrease in activity (Table XI) .
General Properties of Chymo-Trypsin
pH of Maximum Stability.--Dilute solutions of the enzyme at 37°C.
are most stable at pH 3.0-3.5 (Table XII) .
Effezt of pH on tl~ Rate of Digestion by Chymo-Trypsin.--The rote
of digestion of casein by chymo-trypsin at various pH is shown in Fig.  6 . The pH activity curve is similar to that of trypsin (8) . Downloaded from digestion of protamines by pig pancreas, previously considered as a property of "trypsin-kinase" is due partly to a separate enzyme, "protaminase," which may be separated from the proteolytic enzyme by adsorption of the latter on egg albumin. These experiments were repeated with chymo-trypsin but it was not possible to separate the 25 ml. crystalline chymo-trypsin solution in ~t/100 hydrochloric acid (0.1 rag. protein nitrogen/ml.) + 1 ml. crystalline pepsin solution (0.1 rag. protein nitrogen). Analyzed for protein nitrogen and activity by hemoglobin method. protaminase activity from the proteinase activity by this method. The per cent activity removed by the egg albumin was the same as determined by either casein, hemoglobin, or sturin digestion (Table   XIII) .
Digestion of Sturin.--Waldschmldt-Leitz
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This result confirms Waldschmidt-Leitz's statement that hydrolysis of sturin is caused by the "proteinase" and not by "protaminase" (12) . 3 Digestion of Peptides.--The chymo-trypsin has no measurable effect upon the hydrolysis of any of the di-and polypeptides available (Table XIV) ages. This is shown by the fact that addition of trypsin to casein previously hydrolyzed with chymo-trypsin (Fig. 7) , or of chymo- Egg albumin (Kahlbaum) various concentrations in M/20 pH 5.0 acetate buffer.
1 ml. egg albumin added to 4 ml. chymo-trypsin, 30°C., 1 hour. 3 ml. acetone added, centrifuged 10 minutes. Supernatant in vacuum desiccator 6 hours, then at 6°C. 3 days, made up to 8 ml. with M/20 pit 5.0 acetate buffer and activity measured on casein, hemoglobin, and sturin.
Sturin activity determination: 2 ml. enzyme + 10 nil. 2.5 per cent sturin pH 7.6, 35°C. 2 ml. samples added to excess ~/50 sodium hydroxide. 1 ml. formal dehyde and phenolphthalein added and titrated to pH 9.0 with ~s/50 hydrochloric acid. 
Hydrolysis Dipeptides and Polypeplides by Chymo-Trypdn
Dipeptides: 10 ml. M/25 solution in ~t/10 phosphate buffer + 0.5 ml. chymotrypsin solution (0.25 rag. protein nitrogen/ml.) pH adjusted to 7.6. 2 ml. titrated + ~/50 sodium hydroxide and formaldehyde. Tetrapeptides: 10 ml. ~/100 solution. Digestion mixture made up as above.
Polypeptides: 4 The following---glycyl-/-tryptophane, glycyl-alanine, glycyl-ltyrosine, glycyl-glycine, d-leucyI-glycine, d-leucyl-glycyl-glycine, chloracetyll-tyrosine, glycyl-aspartic acid, chloracetyl-/-leucine, tri-/-alanyl-balanine, tetra dl-alanyl-dl-alanine, and pentaglycyl-glycine. Increase in formol titration for 2 ml. after 3 days at 35°C. was less than 0.15 ml. M/50 sodium hydroxide.
trypsin to casein previously hydrolyzed with trypsin, causes a marked increase in hydrolysis (Fig. 8) . ( 0.08 rag. trypsin nitrogen/ml. After 2 days 0.08 rag. crystalline trypsin nitrogen/ml, added to 75 ml.
No. 1 (Total trypsin concentration 0.16 rag. nitrogen/ml.) After 5 days 0.08 rag. crystalline trypsin nitrogen/ml, added to 25 ml.
No. 2 (Total trypsin concentration 0.24 nag. nitrogen/ml.) After 5 days 0.08 nag. chymo-trypsin nitrogen/ml, added to 25 ml. No. 2 (Total enzyme concentration 0.16 rag. trypsin nitrogen/ml, plus 0.08 rag. chymo-trypsin nitrogen/ml.) Digestion determined by formol titration. Isoelectric Point.--The isoelectric point was determined by measuring (21) the rate of migration of collodion particles immersed in the enzyme solutions at various pH. This method shows an isoelectric point for chymo-trypsin at pH 5.4 and for chymo-trypsinogen at 5.0.
Diffusion Coeficient (13) .~The diffusion coefficient of chymotrypsin was determined by measuring the rate of diffusion of the protein nitrogen and the activity. Both methods gave a diffusion coefficient of 0.037 cm.~/day for chymo-trypsin. This result shows that the active molecule diffuses at the same rate as does the protein and furnishes additional evidence for the identity of the two molecules.
The diffusion coefficient for chymo-trypsinogen was measured by the nitrogen only and is 0.039 cm.~/day. The molecular volume corresponding to this diffusion coefficient is about 52,000 cm. s on the assumption that the molecules are spheres.
The molecular weight of both proteins from osmotic pressure measurements is about 40,000 so that from these measurements the proteins are hydrated to the extent of about ½ gm. of water per gin. protein. Viscosity measurements, however, give much lower hydrations.
The general properties of the various preparations are summarized in Table XV . 2. Lipase.--Surface tension method of Rona and Michaelis as weU as the modified method of WiUst/itter and Memmen (15) were used. It was found very convenient to use the surface tension apparatus of du Notiy instead of a stalagmometer for the measurements of the rate of change of surface tension.
3. Blood Clotting (16) .--3 volumes of cattle blood plus 1 volume 28 per cent MgSO4, centrifuged. 3 ml. supematant plasma plus 6 ml. g/1 sodium chloride plus 2 ml. g/200 CaCI~ made up to 30 ml. with water. (19) . 6 . Protein Nitrogen Precipitation.--1 ml. protein solution plus 1 ml. 5 per cent trichloracetic acid, heated for 5 minutes at 75°C.
(a) Micro Kjeldahl method for solutions containing 1.0 to 0.3 nag. protein nitrogen/ml.
(b) Photoelectric turbidity method for solutions containing less than 0.3 rag. protein nitrogea/ml.
The precipitate was kept in uniform suspension by rotating the cell during the photoelectric turbidity measurement, as suggested by Dr. A. K. Parpart of Princeton University.
Most of the measurements reported in this paper were made by Miss Margaret R. McDonald.
S~RY
A new crystalline protein, chymo-trypsinogen, has been isolated from acid extracts of fresh cattle pancreas. This protein is not an enzyme but is transformed by minute amounts of trypsin into an active proteolytic enzyme called chymo-trypsin. The chymo-trypsin has also been obtained in crystalline form.
The chymo-trypsinogen cannot be activated by enterokinase, pepsin, inactive trypsin, or calcium chloride. There is an extremely slow spontaneous activation upon standing in solution.
The activation of chymo-trypsinogen by trypsin follows the course of a monomolecu]ar reaction the velocity constant of which is proportional to the trypsin concentration and independent of the chymotrypsinogen concentration. The rate of activation is a maximum at pH 7.0-:8.0. Activation is accompanied by an increase of six primary amino groups per mole but no split products could be found, indicating that the activation consists in an intramolecular rearrangement. There is a slight change in optical activity but no change in molecular weight.
The physical and chemical properties of both proteins are constant through a series of fractional crystallizations.
The activity of chymo-trypsin decreases in proportion to the destruction of the native protein by pepsin digestion or denaturation by heat or acid.
Chymo-trypsin has powerful milk-clotting power but does not clot blood plasma and differs qualitatively in this respect from the crystal- line trypsin previously reported. It hydrolyzes sturin, casein, gelatin, and hemoglobin more slowly than does crystalline trypsin but the hydrolysis of casein is carried much further. The hydrolysis takes place at different linkages from those attacked by trypsin. The optimum pH for the digestion of casein is about 8.0-9.0. It does not hydrolyze any of a series of dipeptides or polypeptides tested. Several chemical and physical properties of both proteins have been determined.
